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Abstract
In this paper, the equation of one-dimensional GWs for quadratic action in an isotropic and
perfect fluid with perturbed FRW background metric was investigated. It was seen the obtained
equation has several solutions which the figures of the power spectrum obtained are almost identical
for all of them and are decreasing in terms of the wavenumber.
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1 Introduction
Gravitational waves (GWs) are produced when mass undergoes acceleration, in other words when space -
time are perturbed by the motion of a massive object, the result is the GWs that propagates in space-time
at the speed of light. This process is analogous to the moment of an electric charge when accelerating in an
electromagnetic field.
The study of compact binary systems, as one of the main sources of access to information about GWs, is
one of the topic interesting the theoretical physics [1, 2, 3, 4]. Einstein’s predication about the existence of
GWs [5] really happened by the discovery of the GW events GW150914, GW170814 and GW170817 by LIGO
and VIRGO scientific [6, 7, 8] and opens a new window to probe gravitational physics.
In this paper, we focus on one-dimensional GW caused by quadratic gravity model R2 as a possible probe of
the early universe. one of the well-known of the quadratic action is Starobinsky model for Cosmic Inflation.
Other kinds of f(R) models can be found in [9, 10, 11, 12].
In this work, we consider the GW which come from quadratic action. Due to non-linearity, the evolution
equations has problematic form and one solve them for one-dimensional. Our results indicates the quadratic
model produces a stronger power spectrum although it has decreasing charter.
This work is organized as follows: In section 2, we obtain the equation of GWs due to perturbed FRW
background metric in quadratic action for an isotropic and perfect fluid. In section 3 we investigate one -
dimensional GWs and the obtain spectrum of them in f(R) gravity. Conclusions are given in section 4.
2 The equation of GWs in f(R) gravity
In order to obtain the equation of GWs in f(R) gravity we consider a perturbed Friedman–Robertson–Walker
(FRW) space-time metric with the line element shown as bellow [3, 13]
ds2 = gµνdx
µdxν = (g¯µν + hµν) dx
µdxν = a2
[−dτ2 + (δij + hij(t, x)) dxidxj] (1)
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where τ is conformal time, g¯µν = diag{−a2, a2, a2, a2} is the unperturbed FRW background and hµν is the
perturbation satisfying the conditions : symmetric (hij=hji), traceless (h
i
i = 0) and transverse (h
j
i,j = 0) and
also |hµν | << 1, h00 = h0i = 0.
Our starting point in this work is to consider the lagrangian formalism in f(R) gravity for an isotropic and
perfect fluid, that is hij = hji and Πij = Πji = 0
1, as bellow [14]
∂µ
(√−g¯ ∂f(R)
∂(∂µhij)
)
= 0, (2)
one may rewrites this equation as follows
∂µ
(√−g¯f,R ∂R
∂(∂µhij)
)
= 0, (3)
where f,R =
∂f(R)
∂R
, g¯ is the determinant of g¯µν and R =
(
¯−gµν
64piG∂µhij∂νhij
)
is the Ricci scalar [13].
In order to investigate GWs in modified gravity we consider model of f(R) = R2, to this purpose we rewrite
Eq.(3) with f,R = 2R and hji = h (for simplicity), as bellow
∂µ
(√−g¯ R g¯µν∂νh) = 0, (4)
this relationship is the equation of GWs in the R2 model for an isotropic and perfect fluid.
3 One - dimensional GWs in f(R) gravity
In this section we consider one-dimensional GWs (h(τ,x) = h(τ, x)), Eq.(4) for this model will be as follows
∂0
(√−g¯ R g¯00 ∂0h)+ ∂x (√−g¯ R g¯11 ∂xh) = 0, (5)
one may rewrites this equation as bellow
−∂τ
(
h
′
(h
′2 − (∂xh)2)
)
+ ∂x
(
(h
′2 − (∂xh)2) ∂xh
)
= 0, (6)
where
′
is derivative with respect to conformal time (τ), this equation has the following answer
h(τ, x) = c1f(x+ τ) + τ c2f(x+ τ) + c3g(x− τ) + τ c4g(x− τ), (7)
where f and g are functions of x+ τ and x− τ respectively, generally each of the solutions of the following set
can be considered as the answer of this equation
h(τ, x) =
{
A
(
sin(x− τ)± e−|x−τ |
)
, A
(
cos(x− τ) ± e−|x−τ |
)
, A [cos(x− τ)± sin(x − τ)] , ...
}
, (8)
where A is a constant,2 we select two of these solutions and investigate the obtain power spectrum of them,
for example h1(τ, x) = sin(k) [cos(x − τ)− exp(−|x− τ |)] and h2(τ, x) = sin(k) [sin(x− τ) + exp(−|x− τ |)].
Since the power spectrum is in terms of the wavenumber k and written as follows[16]
Ωh(k) =
∆2h,prim
12a2(τ0)H2(τ0)
(
T
′
(τ0, k)
)2
=
∆2h,prima
2(τ0)
12
[Ta(k)]
2
, (9)
where T (a, k) is the transfer function, ∆2h,prim =
16
pi
(
Hinf
mPl
)2
3 and Ta(k) =
dT (a,k)
da
|a(τ0) = T
′
(τ0,k)
a2H
, then we
first need to obtain the Fourier transform of h(τ, x) as h(τ, k), the Fourier transform of these functions as
follows
h1(τ, k) = sin(k)
{
pi [δ(k − 1) + δ(k + 1)]− 2
1 + k2
}
exp(−ik|τ |), (10)
and
h2(τ, k) = sin(k)
{
pi
i
[δ(k − 1)− δ(k + 1)] + 2
1 + k2
}
exp(−ik|τ |), (11)
the power spectrum of these functions separately and together are plotted in Figs.(1-4) and it was seen that
the obtained power spectrums in terms of the wavenumber are decreasing.
1Πij is the anisotropic stress of the energy-momentum tensor [15].
2for example A = sin(k) where k is the wave number, This choice is not unique, and it is selected using the attitude
that gives us the logical power spectrum on according to what has been done [3, 14, 16].
3
Hinf is the Hubble constant during inflation and mPl is the Planck mass.
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Figure 1: The power spectrum Ωh(k) with respect to k
for h1(τ, k).
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Figure 2: The power spectrum Ωh(k) with respect to k
for h2(τ, k)
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Figure 3: Comparison of the power spectrum of two solutions (blend - h1(τ, k)) and (red - h2(τ, k))
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Figure 4: Comparison of the power spectrum of two solutions (blend - h1(τ, k)) and (red - h2(τ, k))
4 Conclusions
We have investigated one-dimensional GWs and the obtained power spectrum of them in quadratic action for
an isotropic and perfect fluid with perturbed FRW background metric, it was seen the power spectrums due
to solutions of the equation GWs for this model are almost equal and also these power spectrums in terms of
the wavenumber are decreasing.
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